Preserved otolith function in patients with cerebellar atrophy and bilateral vestibulopathy by Marti, S et al.
University of Zurich
Zurich Open Repository and Archive
Winterthurerstr. 190
CH-8057 Zurich
http://www.zora.uzh.ch
Year: 2008
Preserved otolith function in patients with cerebellar atrophy and
bilateral vestibulopathy
Marti, S; Tarnutzer, A A; Palla, A; Straumann, D
Marti, S; Tarnutzer, A A; Palla, A; Straumann, D (2008). Preserved otolith function in patients with cerebellar
atrophy and bilateral vestibulopathy. Progress in Brain Research, 171:211-214.
Postprint available at:
http://www.zora.uzh.ch
Posted at the Zurich Open Repository and Archive, University of Zurich.
http://www.zora.uzh.ch
Originally published at:
Progress in Brain Research 2008, 171:211-214.
Marti, S; Tarnutzer, A A; Palla, A; Straumann, D (2008). Preserved otolith function in patients with cerebellar
atrophy and bilateral vestibulopathy. Progress in Brain Research, 171:211-214.
Postprint available at:
http://www.zora.uzh.ch
Posted at the Zurich Open Repository and Archive, University of Zurich.
http://www.zora.uzh.ch
Originally published at:
Progress in Brain Research 2008, 171:211-214.
Preserved otolith function in patients with cerebellar atrophy and
bilateral vestibulopathy
Abstract
Cerebellar degeneration affects vestibular function. For instance, with lesions of the cerebellar flocculus,
the ability to adaptively modify the VOR gain is markedly reduced, and cerebellar patients may even
demonstrate severe vestibular deficits. We report five patients (m=3, f=2) with cerebellar disease, in
whom search-coil head impulse testing revealed reduced gains of the angular VOR, while
sacculus-mediated myogenic potentials were normal. Preserved static ocular counterroll in roll-tilt
positions and prominent gravity-dependent modulation of downbeat nystagmus (DBN) along the pitch
plane demonstrated the integrity of otolith (OL) function in these patients as well. Probably, at least in
some cerebellar patients with marked floccular atrophy, the dissociation between impaired semicircular
canal (SCC) function and preserved OL function may be explained by a predilection of the atrophic
process for the flocculus and brainstem neurons involved in angular VOR gain control, while structures
mediating OL function remain widely spared by the cerebellar degeneration. The exact pathomechanism
leading to the vestibular impairment remains unclear: both a primary multi-system-type atrophy
involving cerebellar and brainstem vestibular structures as well as a mechanism of secondary retrograde
degeneration of floccular brainstem target neurons mediating SCC function seem plausible.
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ABSTRACT   
Cerebellar degeneration affects vestibular function. For instance, with lesions of the cerebellar 
flocculus, the ability to adaptively modify the VOR gain is markedly reduced, and cerebellar 
patients may even demonstrate severe vestibular deficits. We report five patients (m = 3, f = 
2) with cerebellar disease, in whom search-coil head impulse testing revealed reduced gains 
of the angular VOR, while sacculus-mediated myogenic potentials were normal. Preserved 
static ocular counterroll in roll-tilt positions and prominent gravity-dependent modulation of 
downbeat nystagmus (DBN) along the pitch plane demonstrated the integrity of otolith (OL) 
function in these patients as well. Probably, at least in some cerebellar patients with marked 
floccular atrophy, the dissociation between impaired semicircular canal (SCC) function and 
preserved OL function may be explained by a predilection of the atrophic process for the 
flocculus and brainstem neurons involved in angular VOR gain control, while structures 
mediating OL function remain widely spared by the cerebellar degeneration. The exact 
pathomechanism leading to the vestibular impairment remains unclear: Both a primary multi-
system type atrophy involving cerebellar and brainstem vestibular structures as well as a 
mechanism of secondary retrograde degeneration of floccular brainstem target neurons 
mediating SCC function seem plausible.  
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INTRODUCTION 
Patients with cerebellar disease may demonstrate impaired function of the vestibulo-ocular 
reflex (VOR) and even bilateral vestibular loss (Migliaccio et al. 2004, Wagner et al. 2007). 
We recently reported a patient with cerebellar ataxia and prominent downbeat nystagmus 
(DBN), who demonstrated severe bilateral impairment of semicircular canal (SCC) function, 
but preserved otolith (OL)-mediated reflexes (patient HH, see Table 1; Marti et al., in press). 
This patient's brain MR revealed atrophy predominantly affecting the flocculus, while the 
nodulus remained relatively preserved. Probably, the dissociated vestibular deficits in this 
patient might be best explained by the specific pattern of the atrophic process, since the 
flocculus is particularly involved in VOR control (Robinson 1976), while the nodulus 
interferes mainly with OL-mediated reflex responses (Hain et al. 1988; Angelaki and Hess 
1995). To address the question whether the dissociated vestibular deficits in this patient 
represent a rare syndrome or a more common finding in cerebellar disease, we studied SCC- 
and OL-mediated reflex responses in four other cerebellar patients. 
CASE REPORTS 
Table 1, part A, summarizes diagnosis and most important clinical and MR findings in the 
five patients with cerebellar disease.  
/ Table 1 about here / 
METHODS 
All patients gave written informed consent to participate in the study. Vestibular-evoked 
myogenic potentials (VEMPs), i.e. inhibitory potentials in the ipsilateral sternocleidomastoid 
muscle evoked by brief (4 ms) loud (> 90 dB) tone bursts ('pips'), were assessed as part of the 
standard vestibular testing at the Center for Dizziness and Balance Disorders at the Zurich 
University Hospital. Quantitative VOR gains were assessed with search coil head impulse 
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testing. Static ocular counterroll in sustained whole-body roll positions and gravity-dependent 
modulation of DBN along the pitch plain were assessed using the same experimental 
protocols as described in Marti et al. (in press) and Marti et al. (2002), respectively. 
RESULTS 
VOR gains measured by head impulse testing were reduced in all five patients (Table 1, part 
B). Gain reduction was largest in patient HH, who exhibited the most severe floccular atrophy 
on brain MR, while patient ES, whose brain MR revealed intact vestibulo-cerebellar 
structures, exhibited the least gain reduction. Reproducible VEMPs (at 90 dB nHL) were 
registered in all patients with latencies and amplitudes similar to control data for our lab. 
Static torsional eye position modulated as a function of sustained bilateral whole-body roll tilt 
in all five patients, similarly as in five healthy subjects (2 f, 3 m, age 66 -74 years old; data 
not shown). Upward ocular drift modulated as a function of whole-body pitch increased with 
nose-down and decreased with nose-up positions in all patients (Fig 1).   
/Figure 1 about here/ 
DISCUSSION 
We observed a pattern of dissociated vestibular deficits with impaired SCC-function (assessed 
by quantitative head-impulse testing), but largely preserved OL-function (demonstrated by 
intact VEMPs, preserved modulation of static ocular counterroll and preserved gravity-
dependent modulation of DBN) in five patients with cerebellar disease. The putative 
pathomechanisms leading to these dissociated vestibular deficits remain unclear. To postulate 
a channelopathy (Wagner et al., 2007) or a peripheral vestibulopathy, one would need to 
explain the selective impairment of SCC function. Probably, at least in some cerebellar 
patients, the dissociation between impaired SCC-function and preserved OL-function may be 
best explained by a predilection of the atrophic process for cerebellar and brainstem structures 
 4
involved in VOR gain control (Marti et al., in press). Whether this degenerative process 
involves primarily both cerebellar and brainstem structures, as in the case of multi-system 
atrophy (Migliaccio et al 2004, Wagner et al. 2007), or whether, at least in cases with severe 
floccular atrophy, they can also be attributed to a mechanism of secondary retrograde 
degeneration of floccular brainstem target neurons (Smith 1975), remains unclear. Also, 
considering the largely preserved OL-function in some cerebellar patients (see also the 
abstract by Tarnutzer et al., Gravity perception in cerebellar patients, in this volume), the 
contribution of the vestibular deficits to the often marked postural imbalance in cerebellar 
disease needs to be determined.  
LEGENDS 
Table 1, part A. Diagnosis (Dg), most prominent clinical (grading: + mild; ++ moderate; +++ 
severe) and MR findings in five cerebellar patients (pat.; initials, age, and sex). Autosomal-
dominantly inherited cerebellar ataxia type III (ADCA III); Downbeat nystagmus (DBN); 
Dysarthria (Dy); Episodic ataxia type II (EA II); Episodic symptoms, e.g. vertigo, ataxia of 
gait and stand, oscillopsia, dysarthria (Ep); Flocculus (Fl); Gait ataxia (GA); Horizontal gaze 
evoked nystagmus (GEN); limb ataxia (LA); Magnetic resonance findings (MR); Nodulus 
(N); Age at disease onset (Ons.); idiopathic late-onset cerebellar ataxia (ILCA); impaired 
horizontal smooth pursuit eye movements (SP); Vermis (V); Vestibulo-cerebellum (VestCb). 
Part B. Quantitative VOR gains assessed by search coil head impulse testing. For each of the 
tested SCC, i.e. horizontal right (Hor R) and left (Hor L), right anterior (RALP), left posterior 
(RALP), left anterior (LARP), and right posterior (LARP) SCC, the corresponding gain 
values are indicated.  
Figure 1. Gravity-dependent modulation of upward ocular drift ( for patients initials: see 
Legend Table 1, part A). Abscissa: Chair positions, i.e. 90 deg prone, 45 deg prone, upright, 
45 deg supine, 90 deg supine. Y-axis: Vertical ocular velocity (deg/s). Open squares: Median 
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vertical eye velocities ± 1 SD in the respective chair positions. Positive values correspond to 
upward eye velocities. 
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TABLES
Pat. Ons. Dg DBN GEN SP GA Dy LA Ep MR  
HH,82,m 60 ILCA +++ +++ +++ +++ - (+) - Severe atrophy of Fl, inf. 
cerebellar peduncle, inf. V, 
slight atrophy of N  
HN,81,m 62 ILCA +++ +++ +++ +++ (+) - - Severe atrophy of VestCb 
AM,59,f 62 ILCA ++ ++ ++ - - - - Slight atrophy of V 
ES,54,f 35 Probable 
EA II 
+ + + (+) - - +++ - 
EZ,51,m 30 Probable 
ADCA III 
(+) ++ ++ +++ ++ + - Slight atrophy of V and 
cerebellar hemispheres 
Table 1, part A. 
Pat Dg Hor R Hor L RA 
LP 
RA 
LP 
LA 
RP 
LA 
RP 
HH ILCA 0.11 0.21 0.11 0.14 0.23 0.13 
HN ILCA 0.57 0.42 0.66 0.32 0.5 0.61 
AM ILCA 0.65 0.61 0.55 0.59 0.54 0.53 
ES EA II 0.69 0.76 0.73 0.68 0.66 0.47 
EZ ADCA III 0.73 0.58 0.59 0.34 0.6 0.4 
Table 1, part B.  
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